The binding
of Congo red to several purified amyloid-like peptides having a beta-pleated sheet conformation was quantitatively examined. Congo red binds preferentially to the beta-pleated sheet conformation of both insulin fibrils and poly-L-lysine.
Congo red does not bind nearly so well to poly-L-serine or polyglycine, despite the fact that these peptides also have a beta-pleated sheet conformation. Binding to insulin fibnils was saturable with an apparent Bmax of 2 moles ofCongo red per mole ofinsulin fibnils and an apparent KD of 1.75 x 10 -M. Binding to beta-poty-L-lysine was similar but had a much higher apparent Bmax of 43. Binding of Congo red to beta-poly-L-tysine was pH depen-Introduction Congo red avidly stains amyloid proteins, which are thought to play a central role in a variety of disease states (1). This staining is relatively specific (2) and has been of interest for two reasons.
First, on practical grounds, Congo red is widely used to demonstrate amyloid in pathological specimens (3). Second, on heuristic grounds, binding of Congo red to amyloid has been used to gain insights into the macromolecular structure of this important group of proteins (2, 4, 5) . Although once considered to be amorphous (6), studies on the binding of Congo red to amyloid (5, 6) led to the suggestion that amyloid proteins have a regular linear structure. This hypothesis was later confirmed by the early electron microscopic studies of Cohen and Calkins (7) and by those ofmany other groups since (8-10), which cleanly show that amyloid is composed of fibnits. dent and appeared to be determined by the number of pro- Poly-L-serine and polygtycine both exist in the beta-pleated sheet conformation (17, 18) . Figure 4 shows that the spectrum of Congo red is the same in the presence and absence of poly-L-senine. Simitar results were obtained using polyglycine (data not shown). Filtration binding studies showed that Congo red binds to both poly-Lserine and polyglycine much less well than to insulin fibnils. There is a greater difference in the apparent Bmas than the apparent KD.
For poly-L-serine, the apparent KD is 4. converts to a beta-pleated sheet conformation and retains this structune for several hours after cooling to room temperature (16). Congo red has previously been shown to bind to both the alpha-helical and the beta-pleated sheet forms ofpoly-L-lysine (4). Our findings confirm this but also show marked differences in the binding of Congo red to the two forms. Figure  5 shows the spectral shift and ("'-'250 residues/molecule Figure  10 and is compared to theoretically derived values based on a model in which one Congo red molecule binds to two charged epsilon-amino groups.
The calculated percent bound in Figure 10 is based on the number of protonated lysine residues in poly-L-lysine using a pK of 10.79 for the epsilon-amino group of lysine (21). The calculated Bmas in Figure  10 where Lf = free tigand. It can be seen in Figure  10 that the effect of pH on the binding of Congo red to beta-poly-L-lysine follows a trend that approximates the theoretical values.
In this type offiltration assay, it is critical that the fibril suspen- Figure 12 . Hypothetical model of Congo red binding to beta-pleated sheet fibrils. An anti-parallel sheet is depicted here; even so, every fifth peptide chain will have the same N-to-C-terminal direction. Therefore, Congo red can bind to the same type of amino acid in both peptide chains (first and fifth in this figure).
Another
Congo red molecule could bind to the third and seventh chains and so on, or to other positively charged amino acid residues along the same chains. This accounts for the parallel arrangement of Congo red molecules bound to amyloid-like protein (5, 6) . red binds to or is trapped by nonspecific forces in "channels" of the beta-pleated sheet peptide backbone of amyloid. We found that Congo red did not bind as well to either poty-L-serine or polyglycine as it did to insulin fibrils or beta-poly-L-lysine, despite the fact that all of these homopolymers exist in the beta-pleated sheet conformation (17, 18 The value ofsuch a hypothesis is in its use as a guide to direct the synthesis ofcompounds that can bind more selectively to amyloid proteins, especially those whose primary structure has been determined. These new amyloid-binding agents could have both diagnostic and therapeutic potential in the broad class of diseases which Glenner has termed the beta-fibnilloses (1).
